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which are neither purely mechanical nor chemical, Herr Hof 
meister brings into analogy with those occurring in absorption 
of gases by liquids, the reciprocal solution of liquids, adsorption 
of gases on solid bodies, &c. 

The Photographic News quotes the following from the Scientific 
American , December 9, 1848 :—“ New Electrical Light .—The 
inventors of a new electrical light, exhibited at the Western 
Literary Institution, Leicester Square, London, on its recent 
reopening under the new auspices, expect, it is said, to apply it 
generally to shop and street illumination, and they state that, 
while the conveying will cost no more than gas, the expense of 
illumination will be one-twelfth the price of the latter light. 
The current of electricity, in passing through the two pieces of 
charcoal which form the poles of the circuit, and are excluded 
from all access of air, gives, in this case, it is said, an intense 
and beautiful white light, with the effect of daylight, to a much 
greater extent than the lime does, and having this advantage, 
that it is sustained and continuous. If Messrs. Staite and 
Petrie can thus produce a steady and sustained light they have 
accomplished what has hitherto been the sole preventive to the 
substitution of galvanism for gas. The Mechanics 1 Magazine 
states that this one light completely eclipsed ten gas lights and 
an oxyhydrogen. The gas companies had better look out. 
The dissatisfaction of the public with their mismanagement may 
have begotten a rival destined to eclipse many more than merely 
ten of their gas lights.” 

With the view of certifying to the efficiency of teachers of 
public elementary schools to give instruction in woodwork in 
accordance with the provisions of the Code (1890), the City and 
Guilds of London Institute is prepared to issue certificates to 
qualified teachers of public elementary schools on the following 
conditions :—The candidates will be required to give evidence 
of having regularly attended during each of two sessions, a 
course of at least twenty practical wood-working lessons in a 
school or class certified by, and under an instructor approved by, 
the Institute. The candidates will further be required to pass 
an examination at the end of each year’s course, to be conducted 
by examiners appointed by the Institute, and to pay a fee of 
five shillings for each examination. For the first year, candi¬ 
dates who have attended an advanced course of instruction will 
be exceptionally admitted to the second year’s examination with¬ 
out having passed the first, and will be eligible for the teacher’s 
certificate. The examination fee for such candidates will be ten 
shillings. The written examination will include questions 
founded on such subjects as the following :— Woods. —Places from 
which some of the commoner woods are obtained. Their 
characteristic properties and uses. The general structure of 
cone-bearing and leafy timber trees. The meaning of seasoning 
timber. Effects of shrinkage and warping. Identification of 
specimens of wood. The questions will be limited to oak, ash, 
elm, beech, mahogany, sycamore, basswood, white deal (spruce), 
red pine (Scotch fir), yellow pine. 

Das Wetter for July reports a curious case of globular 
lightning which occurred at Berga, near Schlieben, in Germany, 
between 3 and 4 o’clock on the morning of July 1. The 
lightning entered the chimney and split into two parts, one 
portion ran along the rafters of the roof, and the other entered 
a bed-room occupied by a man with his wife and three children. 
The man, who was up, on account of the violence of the storm, 
saw the ball jump on to the bedstead, which it broke, and from 
there it slowly travelled to the opposite side of the room, and 
disappeared, with a loud crash, through the wall. None of the 
occupants were injured, further than being deafened for a short 
time. 

The additions to the Zoological Society’s Gardens during the 
past week include a Banded Ichneumon ( Herpestes fasciatus) 
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from West Africa, presented by Dr. Arthur Williams ; a Black 
Stork ( Ciconia nigra) , European, presented by Lord Lilford, 
F.Z.S. ; two Nilotic Crocodiles ( Crocodilus vulgaris) from 
Africa, presented by Dr. Lester; two Black Storks ( Ciconia 
nigra), European, two King Parrakeets ( Aprosmictus scapu- 
latus) from New South Wales, purchased ; a Laughing King¬ 
fisher ( Dacelo gigantea) from Australia, deposited. 


OUR ASTRONOMICAL COLUMN. 

Researches on the Mean Density of the Earth.— 
The Monthly Notices of the Royal Astronomical Society for June 
contain a brief account by Prof. A. Cornu of the experiments 
M. Bailie and himself have been making for some years to deter¬ 
mine the mean density of the earth. Tlie apparatus employed is 
fundamentally the same as that used by Cavendish. It consists 
of a horizontal aluminium rod, suspended by a torsion thread 
4 metres long, carrying at each end a ball of copper, bismuth, 
iron, or platinum, and at its centre a vertical mirror reflecting 
the divisions on a millimetre-scale 5 metres away. Two globes 
of mercury are used to produce the torsion couple. The dis¬ 
placements of the scale-divisions are observed with a telescope, 
and indicate the angular displacements of the rod. The chief 
improvements which have been made upon the apparatus used 
by Cavendish, Baily, and Reich, are as follows :—(i) The length 
of rod connecting the suspended balls has been reduced to 0*50 
metre, i.e. to a quarter the length adopted by the above-named 
observers. (2) The attracting masses have been reduced to 10 kilo¬ 
grammes. Cavendish used masses weighing more than 140 
pounds. And the method of using fixed globes which can be 
quickly filled with mercury has been advantageously substituted 
for the movable lead weights. (3) The complete oscillation of 
the balance arm is registered on a chronograph by observing and 
recording the transits of the reflected scale divisions. (4) The 
use of an annealed glass fibre to eliminate errors due to dis¬ 
placements of the zero point. (5) The screening from variations 
of electric potential by putting all parts of the apparatus in 
metallic connection with the earth. (6) The copper case pro¬ 
tecting the balance arm is a good conductor of heat, and of 
sufficient thickness to eliminate the disturbances due to variations 
in temperature. The authors hope soon to obtain an estimation 
of the probable error of their measures, and to arrive at a definite 
result for the constant they are determining. 

Parallax of P Ursas Majoris. —Vol. xxxviii. of the 
‘‘Astronomical Observations of the University Observatory of 
Konigsberg” contains the heliometer observations of P Ursse 
Majoris (Arg.-Oeltzen 11677) made by Dr. julius Franz, from 
which he deduces the parallax o"*ioo2 ± o" *0065, or approxi¬ 
mately o"*io rb o"*oi. 


THE PROGRESS OF MEDICINE . 

'T'HE Bournemouth meeting of the British Medical Association 
1 has been a great success, and a great deal of useful work 
and discussion has been recorded. Among the addresses we 
may refer to the President’s (Dr. J. R. Thomson), on the present 
position of medical officers of health ; of Dr. Lauder Brunton, 
on twenty-five years of medical progress ; of Dr. J. Chiene, on 
rest as a therapeutic agent in surgery; and others on lunacy 
legislation, the uses and prospects of pathology, &c. 

We make the following extracts from Dr. Brunton’s address, 
which presents us with a most admirable and masterly analysis 
of recent progress :— 

. . . Perhaps there is no period in the whole history of medicine 
in which such rapid changes have taken place as in the last 
five-and-twenty years. It is impossible to give anything like a 
complete account of these in the brief space of one hour, and I 
shall therefore restrict myself to a few of the more prominent 
points, and especially those that have come directly under my 
personal cognizance ; for, like the man who made one-half of 
his fortune by attending to his own affairs and the other half by 
leaving other people’s alone, I may probably utilize the time at 
my disposal best by speaking of what I know myself and leaving 
other things out. 

Advances in Knowledge and Teaching due to Experimental 
Method. —These changes have occurred both in the profession 
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itself and also to some extent—in this country at least—in the 
education and training of the men who enter it. We notice, 
first, that a very great increase has occurred in the knowledge 
of the nature, causation, and treatment of diseases possessed by 
the profession as a whole, but perhaps a still greater gain is the 
general adoption of the experimental method by which most of 
our recent knowledge has been acquired, and from which we 
may hope for even greater advantages in the future. In corre¬ 
spondence with the acquirement of knowledge, we notice also a 
great alteration in the teaching of medicine, and especially 
prominent is the tendency to make such teaching practical 
instead of theoretical by training men to place their dependence 
upon objective facts, and not to receive without experimental 
data the theories or speculations of any master, however great 
he may be, . . . 

Direction of Advance .—The greatest advance made in the 
last twenty-five years has been in the direction of the accumula¬ 
tion, co-ordination, and teaching of facts instead of theories, of 
the phenomena of Nature as opposed to the fancies of the human 
mind. 

Co-ordination of Facts. —But the mere accumulation of facts 
is of little use unless they can be so arranged, compared, and 
grouped as to bring them into relationship with some general 
law, and this we find in the world’s history has been done from 
time to time by some master-mind. . . . 

Influence of Darwin. —Medicine, both in its principles and 
practice, is really a subdivision of biology, and this, like all 
other branches of knowledge, has been most profoundly modi¬ 
fied by the general acceptance of Darwin’s great thoughts—the 
doctrine of evolution, the struggle for existence, and the survival 
of the fittest. Wherever we turn we find that Darwin’s influence 
has modified the direction of thought, and whether the study 
concerns the evolution of the elements, the evolution of the planet¬ 
ary systems, of living beings, of communities, of customs, of laws, 
of literature, science, or art, in every department of human know¬ 
ledge we find that men, consciously or unconsciously, are influenced 
by Darwin’s work. It is with shame I confess that five-and-twenty 
years ago, although I had taken a University degree not only in 
medicine but in science, and might therefore be supposed to be 
acquainted with his work, I did not even know of the existence 
of his “ Origin of Species,” and I first heard its name in Vienna 
from the lips of an Austrian who was speaking of it in terms of 
the highest praise. “What is it?” I asked, and my question 
then seemed to cause my foreign friend as much astonishment as 
it causes myself now, when the possibility of such ignorance 
seems to me, as it must to you, almost incredible, and yet such 
was the fact. The publication of Darwin’s “ Origin of Species,” 
in 1859, has done more to change the current of human thought 
than anything else for centuries, but while its influence is every¬ 
where felt, biology and all its subdivisions have been more 
especially affected. 

Changes in Medical Students. —But great as the changes have 
been during the last five-and-twenty years in the profession 
itself, they are perhaps quite as great in the men who enter 
it. . . . 

Long ago the doctor’s means of diagnosis consisted in inspect¬ 
ing the tongue, feeling the skin, counting the pulse, shaking the 
urine, and looking at the motions and the sputum. But now, in 
addition to a thorough training in auscultation and percussion, 
students have to learn the use of the laryngoscope, ophthalmo¬ 
scope, and otoscope, and the application of electricity. They 
have to acquire a knowledge of the chemistry of the urine and 
its alterations in disease, and, what takes still more time, they 
have to learn the microscopical appearances, not only of the 
tissues and excretions in health, but their alterations in disease, 
and must be acquainted with the methods of staining so as to 
detect tubercle bacilli and other disease germs. . . . 

Departments of Greatest Advance. —Five-and-twenty years 
ago we knew only too well that typhus was infectious, and that 
pyasmia and erysipelas were likely to spread in a ward when 
once they got into it, but we did not know then the causes of 
these diseases as we do now, nor had we the same means at our 
disposal wherewith to combat them. The departments in which 
the greatest advances have been made within the last five-and- 
twenty years are in those of fevers and diseases of the nervous 
system. A new era in the study of the latter was foreshadowed 
by the experiments of Fritsch and Hitzig on the brain of the 
dog, but it can only be said to have fairly begun with Ferrier’s 
localization of the cortical centres, both motor and sensory, in 
the brain of monkeys. For the brain of the dog was too unlike 
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that of man for experiments upon it to be of much practical use 
in the diagnosis of human ailments, while the likeness in the 
brain of the monkey to that of man at once allowed conclusions 
drawn from the experiments upon the former to be transferred 
upon the latter. Yet if we try to describe in one word the de¬ 
partment in which medicine has made the greatest progress 
within the last quarter of a century, that word must be 
“fevers”; for during this time we have learned to recognize 
fever by the use of the thermometer in a way we never did 
before ; we have learned the dependence of the febrile process 
in the great majority of cases upon the presence of microbes in 
the organism, and we have become acquainted with an immense 
number of chemical substances which have the power both to 
destroy the microbes and to regulate the febrile process. 

Introduction of the Thermometer. —It is true that the ther¬ 
mometer was used by Danielssen, in leprosy, before the year 
1848, and its more general use began with Wunderlich’s ob¬ 
servations nearly thirty years ago, but it is only within the 
last five-and-twenty years that its use has become at all 
general. . . . 

Nature of Fever. —The thermometer has not only enabled us 
to detect the onset and to watch the progress of fever, but in 
conjunction with microscopical research, physiological experi¬ 
ment, and chemical analysis it has enabled us to gain a fuller 
knowledge of the nature of the febrile process itself. We 
know that during it the organism is consuming rapidly, or, 
as Dr. Donald MacAlister graphically says, it is like “a candle 
burning at both ends,” and we have learned scientifically the 
reasons for the practical treatment, of which Graves was so 
proud that he wrote as his own epitaph, “ He fed fevers.” We 
have learned also, to a great extent, the necessity for the elimina¬ 
tion of the waste products, or ashes as we may term them, 
which the excessive combustion produces, and thus we know 
why the surgeon is so anxious regarding the result of an 
operation when the kidneys of his patient are inadequate. 
For if any febrile attack following the operation should lead 
to increased demands upon these secreting powers, they 
might fail to meet it, and the retained excreta would poison 
the patient. 

New Methods .■—-The rapid increase in our knowledge has 
been due not merely to the constant use of old methods, but 
to the introduction of new ones, and more especially to the 
general recognition of the fact that the same strategy which has 
often proved so successful in war is to be applied in attacking 
complex problems. They are to be separated as far as possible 
into their several components, and each of these is to be over¬ 
come in detail. As presented to us by observation at the bed¬ 
side, the problems of disease are too complex for us to solve, 
and we are only succeeding in doing it by examining the 
various factors one by one in the laboratory. The greatly in¬ 
creased powers of the microscope and the better methods of 
illumination have been of the greatest service, but their utility 
would be very much less than it is had it not been for the 
general introduction of the microtome and the invention of new 
methods of staining. When I was a student the microtome was 
only used for cutting sections of wood in the class of practical 
botany. About that time it was employed by Mr. Stirling, 
Prof. Goodsir’s assistant, in the preparation of animal tissues, 
but I believe that we owe its general introduction to Prof. 
Rutherford. The facility with which sections are made by it 
has made microscopical research much less tedious, and has 
enabled trained histologists to do more work in a given time, 
and medical students to acquire knowledge more rapidly. But 
without the method of staining introduced by Weigert and 
Ehrlich, we should, even with the best microscopes, be unable 
to recognize most of the microbes which are so important in the 
causation of disease. 

Good Out of Evil. —It is very interesting to see how good 
may come out of evil, and a striking illustration of this is 
afforded by the history of medicine in the period we are now 
considering. For it seems to me that we can trace a great 
part of our knowledge of disease germs and of the antiseptic 
remedies we use in treatment to the cupidity and stupidity 
of the Spaniards of the Cordilleras. Their cupidity led them 
to cut down the cinchona trees of the Andes in order to fill 
their pockets with the gold they received in exchange for the 
precious bark, while their stupidity prevented them from 
planting new trees to replace those which they felled. The 
consequence of this was that quinine became so dear that it 
was evident that anyone who could produce it artificially 
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would make his fortune. Amongst others, Perkins tried to do 
this, and, although he failed, yet in the attempt he discovered 
the anilin dyes, whose staining powers have not only helped 
us so much in ordinary histological research, but have made it 
possible to distinguish disease germs which without them would 
have been invisible. But the discovery of the anilin colours 
was only one outcome of the attempt to make quinine syntheti¬ 
cally, for the impulse which it gave to the study of aromatic 
compounds has led to the production of salicylic acid and 
acetanilide, antipyrin, phenacetin, and all the other antipyretic 
remedies whose number is probably legion, and whose names 
already have become so numerous as to be troublesome. Here 
we see good has arisen out of evil ; for if the price of quinine 
had not been so high, the researches which have proved so useful 
might not have been begun even yet. 

Small and Great , Foolish and Wise. —In looking at another of 
the greatest advances which medicine has made—namely, the 
knowledge of infective disease—we can see how enormous re¬ 
sults can arise out of very small beginnings, and the safety of 
nations may be consequent upon a research which many men 
would have termed useless or even frivolous. I can hardly 
fancy any better illustration of St. Paul’s observation about 
the foolish things of this world confounding the wise than 
Pasteur’s researches on tartaric acid; for what could seem 
more foolish to the so-called practical man than the question, 
“ Why does a crystal of tartaric acid sometimes take one 
shape and sometimes another?” Yet from an attempt to 
answer this question has arisen the whole of Pasteur’s work 
on fermentation in general, and on that of wine, beer, and 
vinegar in particular, whereby he has been able to save millions 
to his country by accelerating the production of vinegar and pre¬ 
venting the souring of wine and beer. His observation that 
tartaric acid sometimes turned the ray of polarization to the 
right, sometimes to the left; that, indeed, there were two 
crystals apparently alike, but really different; and that these 
could be combined so as to form a symmetrical crystal having 
no power of rotation, led him to look to life and living beings 
as the source of asymmetry. He tried to produce this asym¬ 
metry in salts of tartaric acid by fermentation, and found that 
during the process an organism developed which eats up the 
dextro-tartarie acid, and leaves the Isevo-tartaric acid behind. 
This led him to investigate such minute organisms, and, by 
simplifying the soil in which they grew, and separating the 
organisms one from another, he learned the conditions of their 
growth, and showed that most processes of fermentation were 
due to the presence of living organisms. It is true that while 
Pasteur was still a hoy at school, Peyen and Persoz had shown 
that the liquefaction of starch and its conversion into sugar was 
due to diastase, and that Dumas in a report on a paper by 
Guerin-Varry had pointed out that, although unlike diastase, 
the active principle of the gastric juice had not been isolated, it 
was probably a ferment of a somewhat similar kind. Dumas 
classed yeast as a ferment along with diastase, and the fact that 
such a process as conversion of starch into sugar could be effected 
without a living organism naturally rendered it all the more 
difficult for Pasteur to prove his thesis that most fermentations 
were due to living organisms. 

Chemical and Biological Views of Fermentation. —The two 
views of the action of ferments—namely, the. chemical and the 
biological—may, I think, fitly be likened to Pasteur’s two kinds 
of tartaric acid, each by itself being lopsided and incomplete, 
forming a symmetrical whole only when united. There can be 
no doubt of the truth of the chemical view that diastase is not a 
living organism, and yet converts starch into sugar. There can 
be as little doubt of the biological view that yeast and other 
organisms which cause fermentation are living bodies, and that 
without the presence of these living bodies alcoholic, acetic, and 
other forms of fermentation would not exist. 

Microbes and Enzymes. —But recently we have come to re¬ 
cognize that these living organisms may produce their effect 
by manufacturing chemical ferments, and that these ferments 
may occasionally do the work, although the organisms which 
form them may be absent. It is quite true that it is difficult 
—perhaps impossible—to get fermentation from the dead 
yeast plant, but we may find a parallel for this in the fact 
that the pancreas of the higher animals sometimes yields an 
active ferment and sometimes not. Nor need we wonder that 
the ferments produced by microbes have but a slight action com¬ 
pared with those of the microbes themselves, if we remember 
how very little power of digestion a dead pig’s stomach has as 
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compared with the amount which can be digested not by the live 
animal itself only, but by the herds of swine consisting of its 
“ fathers and mothers, its brothers and sisters, its cousins and 
its aunts,” during all the term of their natural lives ; for in the 
process of fermentation microbes are growing, fermenting, and 
dying with great rapidity, and many generations occur in a 
fermenting fluid in the space of a few hours, so that the total 
effect they produce will be out of all proportion to any which 
can be got from the microbes themselves at a single instant. 

Microbes and Disease. —From organisms as a cause of fer¬ 
mentation and of the diseases of wine and beer, Pasteur went 
on to investigate their action as causes of disease in living beings 
—first in the silkworm, next in the lower animals, and, lastly, 
in man. He established the dependence of the silkworm disease 
and of anthrax upon the presence of specific microbes which 
could be transmitted and communicate the disease, and by 
destroying the infected eggs of the silkworm he eradicated the 
disease and restored the silk industry to France. 

Weakening of Disease Germs. —But while this investigation is 
interesting to us as illustrating the probable cause of the dis¬ 
appearance of typhus fever, to which I have already alluded, 
Pasteur’s researches on anthrax are still more important as 
bearing upon the question of protective inoculation ; for he 
found that the disease germ could be cultivated outside the living 
body and grown in flasks under varying conditions, some of 
which were favourable and others unfavourable to its growth. 
High temperature enfeebled the virus, so that it no longer killed 
an animal with the same certainty, and by inoculating first with 
a weak virus and then with one successively stronger and stronger, 
he found that animals could be completely protected either from 
inoculation by the strongest virus or by infection from other 
animals suffering from the actual disease. 

Increase in Virulence of Disease Germs. —Another extra¬ 
ordinary fact which he made out was that the virus thus weak¬ 
ened, so that it will not kill a guinea-pig a year old, and still less 
a sheep or ox, may again be rendered most potent by inoculating 
a feeble animal, such as a guinea-pig a day or two old, from 
this older and stronger guinea-pig’s, the strength of the disease 
germs increasing with every inoculation, until finally sheep and 
cows may be killed by it. We can thus see how an epidemic of 
disease beginning sporadically, and attacking weak individuals, 
may gradually acquire such strength as to attack and carry oft 
the strongest. 

Pttre Cultures. —Pasteur’s plan of growing disease germs out¬ 
side the body in broth, although of the utmost value, did not 
allow a convenient separation of different germs ; but this can 
now readily be done by Koch’s plan of sowing them, not in a 
liquid medium, but on solid gelatine spread on glass plates, so 
that the growth of the germs can be daily watched under the 
microscope, and inoculations made from single colonies on other 
plates until pure cultures have been obtained. By thus isolating 
the different microbes, we learn their life-history, the mode in 
which their growth is influenced by differences of soil, of tem¬ 
perature, of moisture, by the addition of various substances 
which either favour or retard their growth, and, last but not 
least, the effect which one microbe has upon another when they 
are grown together at the same time. 

Struggle for Existence amongst Microbes. —For even amongst 
these minute organisms the struggle for existence and the 
survival of the fittest exists, like that which Darwin pointed out 
so clearly in the case of higher plants and animals. . . . 

Struggle for Existence between Microbes and the Organism .— 
But it is not merely between different species of microbes 
or different cells in an organism that this struggle occurs. 
It takes place also between the disease germs and the cells 
of the organism which they invade, and the result of the 
struggle may be determined, not by some powerful agency 
which weakens or destroys either the organism or the mi¬ 
crobe, but by some little thing which simply inclines the 
scale in favour of one or the other. Thus, in the potato 
disease, the victory of the invading microbe and the destruc¬ 
tion of the potato, or the death of the microbe and the health 
of the tuber, may depend upon some condition of moisture or 
possibly of electrical change in the atmosphere which aids the 
growth of the microbe disproportionately to that of the potato. 
These atmospheric conditions need not necessarily be antagonistic 
to the potato, they may even in themselves be advantageous to 
it; but if they help the microbe more than the plant, the microbe 
will gain the victory and the plant be destroyed. 

Fight between Cells in Higher Organisms. —The fight between. 
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the organs which ^Esop describes in his Jfables actually occurs 
between the cells in some vertebrate animals, and the schism 
predicted by St. Paul as the result of such a fight actually takes 
place. For in the tadpole, at one stage of its existence some of 
the cells at the base of the tail begin to eat up others, with the 
result that schism occurs and the tail falls off. 

Phagocytosis. —This struggle for existence between the cells 
of an organism and microbes has been beautifully shown by 
Metschnikoff in the Daphne or water flea, where the process 
of the cells eating up the microbes or the microbes destroying 
the cells can be actually observed under the microscope. 
This process of phagocytosis is now regarded by many as only 
a small part of the struggle between an organism and a 
microbe, but it is impossible to see one part of a microbe half 
digested by the cell in which it is embedded, while the 
part outside remains unaltered, without believing that the 
process is one of great importance. At the same time, it 
seems that the process of phagocytosis, where the microbe 
and the cells meet in close conflict, bears about the same re¬ 
lationship to the total struggle that a bayonet charge bears to 
a modern battle. The main part of the fight is really carried 
on at some distance by deadly weapons—by bullets in the case 
of the soldier, and by ferments, poisonous albumoses, and 
alkaloids on the part of the cells and the microbes. In some 
of Metschnikoffs observations we can almost see this process, 
for he has figured leucocytes dead, and apparently burst by the 
action of conidia, lying close to but yet outside them, as if these 
conidia, like the dragons of fable, had spit out some venom 
which had destroyed them. 

Venom of Microbes. —Within the last few years attention has 
been gradually becoming directed less to microscopical ex¬ 
amination of the microbes themselves and more to chemical 
investigation of the ferments and poisons which they produce ; 
yet, strangely enough, the very moment when chemistry is 
becoming more important than ever has been chosen to mini¬ 
mize the teaching of it in medical schools, and examination in 
it by licensing bodies. It is now possible to separate the albu¬ 
moses and poisons from the microbes which produce them either 
by filtration, or by destroying the microbes by graduated heat ; 
for, as a rule, they are destroyed by a lower temperature than 
the albumose or poisons which they form. 

Microbes and Enzymes. —As the albumoses produced by 
microbes are nearly allied, chemically and physiologically, to 
those formed in the alimentary canal of the higher animals by 
digestive ferments, it is natural to suppose that microbes, like 
the higher animals, split up proteids, starches, and sugars by 
enzymes, which they secrete, and which in both cases may be 
obtained apart from the living organisms which produce them ; 
that, in fact, we should be able to isolate from microbes bodies 
which correspond to pepsin or trypsin, just as we can isolate 
these from the stomach or pancreas of an animal. In some, 
although not in all cases, this attempt has succeeded. 1 

Poisonous Albumoses. —The albumoses produced by microbes 
resemble those formed during normal digestion in being poison¬ 
ous when injected directly into the circulation, although they 
may not be so greatly absorbed from the intestinal canal. One 
of the most remarkable discoveries in regard to albuminous 
bodies is the fact that some of them which are perfectly innocuous, 
and, indeed, probably advantageous to the organism in their 
own place, become most deadly poisons when they get out of 
it. Thus, the thyroid and thymus glands, which are perfectly 
harmless and probably useful, were found by Wooldridge, when 
broken up in water, to yield a proteid which instantaneously 
coagulated the blood if injected into a vein, so that the animal 
died as if struck by lightning ; while Schmidt-Miihlheim, under 
Ludwig’s direction, found that peptones had an exactly opposite 
effect, and prevented coagulation altogether. 

Neut?-alization of Poisonous Albumoses. —Perhaps the analogy 
is too vague, but we seem to find here something very like 
Pasteur’s two kinds of tartaric acid, one rotating polarized light 
to the right, the other to the left ; but, when united together, 
having no action at all, for here we have two bodies, one of 
which destroys coagulability entirely, the other increases it 
enormously ; while many albuminous bodies have no action 
upon coagulation whatever. This view would lead us to sup¬ 
pose that one form of albumose may neutralize the action of 
another, thus rendering them both completely innocuous, whilst 

1 Vide Brunton and Macfayden, Croonian Lectures on “Chemical Struc¬ 
ture and Physiological Action/’ British Medical Journal , June 15, 1889, 
p. 1336. 
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either one or other alone might be a deadly poison. The 
albumoses formed by microbes appear frequently, if not always, 
to have a double action, destructive and protective, on the higher 
animals. Pasteur’s treatment of hydrophobia is based on the 
idea that the spinal cord of rabid animals contains a virus, and 
its antidote—Koch’s tuberculin—may be similar in this respect, 
and may yet, by suitable alterations, fulfil the hopes of its able 
and single-minded discoverer. 

Zymogens and Enzymes. —Perhaps a similar process of split¬ 
ting up and recombination may explain the formation and 
disappearance of the enzymes, such as pepsin and trypsin, 
by which digestion is carried on. The pancreas of a fasting 
animal will not digest albuminous bodies like fibrin, while 
the pancreas of an animal killed during full digestion will do 
so rapidly. Yet the fasting pancreas contains the zymogen, 
or mother substance, which yields the digestive ferment, and, 
as Kiihne has shown, by treating it first with acid and then 
with alkali, it becomes active. Again, to recur to the analogy 
of Pasteur’s tartaric acid, we seem to find that the inactive, 
and possibly symmetrical, albuminous substance of the fast¬ 
ing pancreas is split up by this treatment after death or 
during the process of digestion in life, and yields the lopsided 
and active pancreatic ferment. But, if this be so, what be¬ 
comes of the other half which has been split off? We do not 
at present know, but curiously enough Lepine has lately 
shown that while the pancreas is pouring into the digestive 
canal a ferment which will form sugar, it is at the same time 
pouring into the circulation another ferment which will 
destroy sugar. 

Immunity. —We must be very careful in our speculations, 
and test them by experiment, but such observations as these 
may tend to throw some light upon the nature of immunity. 
Immunity is probably a very complex condition, and is not 
dependent altogether upon any single factor, but we can now 
understand that if a microbe has gained an entrance into an 
organism, and produces a proteid or an albumose poisonous 
to the organism which it enters, it may grow, thrive, and 
destroy that organism, while the injection of some other pro¬ 
teid which would neutralize the poison might save the animal 
while the microbe would perish. 

Cure of Anthrax. —Thus Hank in has found that, while a 
mouse inoculated with anthrax will die within twenty-four 
hours, a rat resists the poison altogether ; but if the mouse 
after being inoculated with the disease has a few drops of 
rat’s serum injected into it, instead of dying, as it would other¬ 
wise certainly do, it survives just like the rat, and from the 
spleen of the rat Hankin has isolated a proteid which has a 
similar protective action to that of the serum. 

Cure for Tubercle .—Working on similar lines, Rernheim and 
Lepine used the injection of goat’s blood in phthisis so as to 
stop, if possible, the progress of tubercle, and Richet has used 
the serum of dog’s blood, for the goat is quite immune, 
and the dog is to a great extent, though not entirely, im¬ 
mune from attacks of tuberculosis. The injection of goat’s 
blood in somewhat large quantities has been given up, while 
dog’s and goat’s serum in small quantities of 15 to 20 minims 
at intervals of several days is still under trial. 

Action of Blisters. —But if immunity can be insured by such 
slight changes in the organism as a few drops of serum from 
a rat will produce in the body of a mouse, it is natural to 
suppose that a similar change might possibly be effected by 
removing the albuminous substance from one part of the 
body, and introducing it, perhaps after it has undergone slight 
change, into another. As I have already mentioned, the 
albumoses of ordinary digestion are poisonous when they are 
injected into the circulation, and s ■> are the proteid sub¬ 
stances obtained from the thyroid and thymus glands. Why, 
then, may not the serum of one’s own blood, withdrawn from 
the vessels by a blister and reabsorbed again, not be as 
good as the serum obtained from the blood of an animal? . . . 

Bleeding .—It is quite possible, too, that the good effects of 
bleeding may be due to a similar cause. . 

Speculation and Experiment. —The human body is a most 
complex piece of mechanism. We learn its action bit by bit 
very slowly indeed, and we are only too apt to regard the little 
piece which attracts attention at the moment as all-important 
and to leave the other parts out of sight. But this is not 
true of our study of the body only, for the same tendency 
manifests itself in the pursuit of knowledge of all kinds, yet 
it is in medicine more especially that this tendency comes to 
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be a matter of life or death, for upon the medical view pre¬ 
vailing at the moment medical practice is apt to depend, and 
erroneous views may lead to the death of many patients. So 
long as practice depends upon theories, unchecked by experi¬ 
ment, so long will medical practice prove fluctuating, un¬ 
certain, and dangerous. One of the greatest gains of the last 
five-and-twenty years is the general introduction of the ex¬ 
perimental method, and the habit which has been growing up 
during it of accepting no statement unless based upon experi¬ 
mental data. Speculations such as those in which I have 
been indulging in regard to blisters and blood-letting are use¬ 
ful as indicating lines of experimental research, but until 
these have been thus tested it is foolish and may be danger¬ 
ous either to accept and act upon them as true or to scout them 
entirely as false and absurd. Imperfect knowledge is almost 
sure to lead to one-sided practice, and thus, diverging further 
and further from the truth, ends at last in falsehood and 
folly. 

Antisepsis. —-Perhaps no better example of this can be found 
than antiseptic surgery, from the time of the good Samaritan 
down to Ambroise Pare and Sir Joseph Lister. The good 
Samaritan bound up the wounds of the poor traveller, pour¬ 
ing in oil and wine, which, only a few years ago, was recom¬ 
mended in an Italian journal as an excellent antiseptic. Am¬ 
broise Pare, when his ointments ran out, could not sleep for 
thinking of the miserable soldiers to whom they had not been 
applied, and was greatly astonished to find in the morning 
that these wretched neglected ones were better and happier 
than their comrades who had been treated secundum artem. 
I have no doubt that Pare’s predecessors, in trying to improve 
upon the methods of the good Samaritan and upon the still 
useful friars’ balsam, which is a powerful antiseptic but 
stings the wound or sore, had tried to make their applications 
more and more irritating, not knowing that it was the anti¬ 
septic power and not the irritant qualities which were desired. 
Pare abolished the ointments with the irrritation they caused, 
and thus did great service to surgery. But a greater one yet 
was rendered by Lister when he recognized that the danger 
of operations was due to the entrance of germs, and by pre¬ 
venting this has completely revolutionized surgical practice; 
nay, more, he has to a great extent revolutionized medicine, 
for the diseases of the internal organs, which were formerly 
entirely under the physician’s care, are now becoming amen¬ 
able to surgical treatment, and diseases of the stomach, in¬ 
testine, liver, kidney, and lungs, and even of the brain and 
spinal cord, are now successfully treated by surgery when 
medicines are powerless to help. The most remarkable of all 
the recent triumphs of surgical operations upon the brain in 
which Mr. Horsley has gained such well deserved fame, would 
have been impossible without Ferrier’s localization of cortical 
centres, and would have been equally impossible but for 
Lister’s antiseptic method. 

Disinfection. —But it is not only in surgery that recognition 
of diseased germs as a source of danger to the organism has 
led to their destruction outside the body, and insured safety 
from their attack. This occurs in all infective diseases, and 
this term now includes many which were not formerly regarded 
as such, for neither consumption nor pneumonia was formerly 
regarded in this light; but just about twenty-five years ago 
tubercle was shown to be inoculable, and since then the dis¬ 
covery of the bacillus of tubercle by Koch, and of pneumonia 
by Fried lander, has caused us to class both these diseases as 
not only infective, but as caused by definite organisms. 

Prevention of Epidemic Diseases. —So long as people were 
ignorant of the causes of epidemic diseases, they were utterly 
unable to combat them, and they either in fury slew defenceless 
people for poisoning the wells, as in the Middle Ages, or 
appointed days of fasting and prayer, as in our own times. But 
once an epidemic is known to depend upon the presence of a 
certain organism, precautions can be taken for destroying the 
organism outside the body by means of disinfectants, or for 
lessening the susceptibility of the organism to its ravages inside 
the body by inoculation, or combating its effects by means of 
antipyretics. A knowledge of the life-history of microbes has 
enabled us to ascertain the power of different substances, 
either to destroy them completely or to arrest or retard their 
germination and growth, and in this way to prevent the occur¬ 
rence of the diseases which these microbes might otherwise 
produce. ... 

Antivivisection. —Every now and again a loud outcry is raised 
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against this method, partly from ignorance and partly from pre¬ 
judice. Many—probably most—of the opponents of experiments 
on animals are good, honest, kind-hearted people, who mean 
well, but either forget that man has rights against animals as 
well as animals against man, or are misled by the false state¬ 
ments of the other class. These are persons who, blinded by 
prejudice, regard human life and human suffering as of small 
importance compared with those of animals, who deny that a 
man is better than many sparrows, and who, to the question 
that was put of old, “ How much, then, is a man better than a 
sheep?” would return the reply, “He is no better at all.” 
Such people bring unfounded charges of cruelty against those 
who are striving, to the best of their ability, to lessen the 
pains of disease both in man and also in animals, for they, like 
us, are liable to disease, and, like us, they suffer from it. I 
may perhaps be allowed to quote two sentences from a paper 
which I wrote twenty-four years ago, and therefore a consider¬ 
able time before any antivivisection agitation had arisen, for 
they expressed then, and they express now, the objects of ex¬ 
perimental pharmacology :—“Few things are more distressing 
to a physician than to stand beside a suffering patient who is 
anxiously looking to him for that relief from pain which he feels 
himself utterly unable to afford. His sympathy for the sufferer, 
and the regret he feels for the impotence of his art, engrave the 
picture indelibly on his mind, and serve as a constant and 
urgent stimulus in his search after the causes of the pain, and 
the means by which it may be alleviated” ( Lancet , July 27, 
1867). . 

Gains by Experiment on Animals. —It is said that our mouths 
are full ol promises, but our hands are empty of results. The 
answer to this is, that anyone who doubts the utility of experi¬ 
mentation upon animals should compare the Pharmacopoeia of 
1867 with our present one. To it we owe, in great measure, 
our power to lower temperature, for to it is due not only the 
introduction of new antipyretics, such as salicylate of soda, 
antipyrin, antifebrin, and phenacetin, but the extension of 
the use of quinine from a particular kind of fever—malaria— 
to other febrile conditions. To it also we owe our greatly 
increased power to lessen pain by the substances just men¬ 
tioned, which have not only an antipyretic but an analgesic 
action, and give relief in the torturing pains of neuralgia and 
locomotor ataxy when even morphine fails to ease, unless 
pushed to complete narcosis. The sleeplessness, too, which 
is such a frightful complication in some fevers, can now be 
combated by other remedies than opium and antimony ; and 
we have the bromides, chloral, sulphonal, paraldehyde, 
urethane, chloralamide, and others, which, either by them¬ 
selves or added to opium, enable us to quiet the brain 
instead of exciting it to further action, as opium alone so fre¬ 
quently does. Our whole ideas regarding cardiac tonics also 
have undergone a complete revolution within the last quarter 
of a century, for I was told, when a student, that digitalis was 
a cardiac sedative, and was apt to depress the heart, whereas 
now we know that it and its congeners—strophanthus and 
erythrophlosum and spartein—increase the heart’s strength, 
raise the vascular tension, and are useful not only in sustain¬ 
ing the circulation, but in aiding elimination. This view of 
the action of cardiac tonics, which has revolutionized the 
treatment of heart disease, we owe chiefly to the experiments 
of Traube, although my own experiments, made in the labora¬ 
tory of Sir Douglas Maclagan under the direction and by the 
help of my teacher and friend, Dr. Arthur Gamgee, may have 
helped towards its general acceptance in this country. 

Future of Pharmacology. —But perhaps the most promising 
thing about pharmacology is that we are now just beginning 
to gain such a knowledge of the relationship between chemical 
structure and physiological action that we can, to a certain 
extent, predict the action of a drug from its chemical structure, 
and are able to produce new chemical compounds having a 
general action such as we desire; for example, anaesthetics, 
soporifics, antipyretics, analgesics, although we have not yet 
arrived at the point of giving to each one the precise action 
which would make it most suitable in any particular case. 
Even when we do not know the chemical structure of a drug, 
we may be able, from noticing one of its actions, to infer that 
it possesses others. We are, indeed, getting a knowledge of 
the action of drugs both of known and unknown chemical struc¬ 
ture, and a power of making new remedies which will, I believe, 
enable us within the next five-and-twenty years to cure our 
patients in a way that at present we hardly think. . . . 
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